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APPARATUS FOR RECTIFYING ROUND PIPE AND TUBING 

This invention relates to methods and apparatus for rectifying by 
reduction the diameter of round pipe or tubing with the secondary effects 
5 of straightening and rounding. More particularly, it relates to such 
methods and apparatus employing for the purpose a plurality of rollers. 

For a variety of reasons, in the fabrication of pipe and tubing by 
rolling up a tubular form from a flat strip or skelp and seam welding the 
abutting edges, it is impossible to maintain precise control of the finished 
1 0 diameter. Particularly in larger diameters and where lighter gauge material 
is used, for example in diameters above 150 millimetres or where the wall 
thickness is less than 2% of diameter, pipe and tubing fabricated in this 
way may not be perfectly round. Some variation from straightness is also 
frequently experienced. It is well known that standards for some forms of 
1 5 pipe and tubing prescribe quite liberal tolerances. 

Many applications exist in which pipe and tubing must meet 
precise specifications in relation to diameter, roundness and straightness 
and a variety of methods has therefore been develpped to correct defects in 
these criteria. Where the diameter of pipe or tubing has to be increased, it 
20 is common to pass a cylindrical die of some suitable hard material and 
having an external diameter somewhat greater than the internal diameter 
of the pipe or tube through the lumen of the pipe or tube to stretch it 
Where more than a minor correction is required, consecutive passes of 
dies of increasing diameter may be required, the internal surfaces of the 
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pipe or tube lumen may require lubrication, scoring of the internal surfaces 
is common and some degree of wall thinning will occur. The process has 
the advantage of being operable on a continuous basis. In another method, 
5 the internal diameter of pipe or tubing is increased by subjecting the 
interior of short lengths to hydraulic pressure to expand it into an 
enclosing female die. Use of this method is normally confined to short 
lengths of pipe or tubing and has the disadvantages of slowness and the 
fact that it cannot be operated on a continuous basis. Both methods are 
10 well known in the art. 

Where the diameter of pipe or tubing is required to be decreased, it 
is common to roll it down by passing the pipe or tubing through a plurality 
of concave rollers arranged such that their diameters extended meet at a 
common point and with their collective concavities more or less forming a 
15 complete circle slightly smaller than the final diameter of pipe or tubing 
required. Equally-spaced rollers are supported on shafts parallel to 
tangents to the surface of the pipe and tubing and are driven in rotation 
while the pipe or tubing to be resized is fed between them and is thereby 
cold worked to a smaller diameter. Unless the pipe or tubing is stretched 
20 at the time, some degree ofwall thickening will occur. An example of this 
method is that taught by United States Patent No. 5,533,370. This method 
appears intended for use with only pipe or tubing of smaller diameters and 
the fact that the method includes provision for final sizing to be performed 
by drawing the rolled pipe or tube through a female sizing die is indicative 
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of the limited control of worked diameter available. Disadvantages of this 
method are the feet that only relatively small decreases in diameter may be 
achieved in a single pass, normally of the order of 0.2 to 0.4mm, that what 
is effectively a wiping action of the sides of the roller concavities may 
5 scuff or mar the external surfaces of pipe or tubing (an important factor in 
stainless steel products), and the feet that the method is relatively 
ineffective in large, relatively thin-walled pipe or tubing. The scuffing or 
marring of external surfaces is particularly pronounced in larger diameter 
pipe or tubing where the method is normally performed using only two 
10 rollers having deep concavities. Obviously, as suggested in the example 
cited, the diameter of pipe or tubing may be reduced by drawing it through 
a female sizing die. Where this method is employed, the pipe or tube may 
require lubrication, the external surface of the pipe or tubing is frequently 
scored by asperities in the die or picked up by the die and some wall 
1 5 thickening and elongation may occur. An example of this method is that 
taught by United States Patent No. 4,057,992 in which both internal and 
external dies are used in what is normally a second or third manufacturing 
operation. 

Another example of diametral reduction by rolling, in this case 
20 described at spin forming, is that taught by United States Patent No. 
6,233,991 in which a short length of pipe or tubing is rotationally 
supported by clamps only at the ends and a plurality of cylindrical rollers 
is brought to bear against the outer surface of the length of pipe or tubing 
while it is rotated, thereby reducing its diameter and, if required, rendering 
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it into tapered form. The method is applicable only to short lengths of 
pipe or tubing and obviously cannot be operated as a continuous process. 
Of relevance to the present invention is United States Patent No. 
4,242,894 in which thin-walled metallic tubing is formed from a solid 
5 blank in an Assel rolling mill. In this case, provision is made to vary the 
wall thickness of the formed tubing by adjusting the radial positions of a 
plurality of forming rollers. Adjustment is effected by increasing the skew 
of short shafts upon which the forming rollers are rotationally supported, 
thereby radially displacing the rollers inwardly or outwardly. The ends of 
10 the short shafts are rotationally supported in suitable bearings 
accommodated within the ball parts of ball and socket joints, which ball 
parts move in complementary sockets to permit skewing of the shafts. 
The rollers are short and are provided with shoulders which work on the 
blank from which the tubing is formed. 
15 In many tube rolling methods, such as that taught by United States 

Patent No. 4,827,749, a mandrel is inserted into the lumen of a tube to be 
rolled and the tube worked by a plurality of rollers against the mandrel. 

Applications are also common in which laminated pipe or tubing is 
made by drawing one piece of pipe or tubing into the lumen of another. 
20 Where, for example, the inner pipe or tube is made from a polymer 
material, it is common to temporarily reduce its diameter by passing it 
between concave rollers or through a female sizing die in the manner 
described and, when positioned inside a pipe or tube of larger diameter, 
expanding it by the application of internal fluid pressure to make a tight fit 
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within the outer pipe or tube. Additionally, to ensure a more secure 
capture of the inner pipe or tube, the outer pipe or tube may subsequently 
be reduced in diameter using one of the methods described. Where both 
the inner and outer pipes or tubes are of metal the inner is captured simply 
5 by reducing the diameter of the outer. 

The object of the present invention is to provide a method and 
apparatus for reducing the diameter of pipe or tubing; which may readily 
be precisely adjusted to produce an accurate finished diameter; which may 
be operated on continuous or discrete lengths of pipe or tubing; which may 
10 be made self-correcting; which may also provide a straightening effect; 
which acts without marring the external surface of the pipe or tubing; 
which is capable of effecting a greater degree of reduction in diameter in a 
single pass than other systems; which leaves the pipe or tubing properly 
round; which may be ganged into a multi-stage operation; which acts 
15 without the necessity to lubricate the pipe or tubing; and which is effeetive 
t treating a full range of diameters in both thin and thick-walled pipe or 



in 
tubing. 



According to the present invention, the diameter of pipe or tubing 
is reduced by passing, it through a rotating apparatus comprising a 
2 0 supporting cylinder in which is provided a plurality of closely and equally- 
spaced, skewed, long, narrow, parallel cylindrical rollers of a rigid, hard 
material which are brought to bear on the external surface of the pipe or 
tubing as it passes through said apparatus. Said rollers are supported in a 
cylindrical array with their ends on pitch circles of equal diameter and are 
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rotationally supported in suitable bearings provided in the end flanges of 
said supporting cylinder, said end flanges being provided with apertures to 
permit the ingress and egress of the pipe or tubing to be treated. One or 
both or said end flanges are capable of rotational displacement within the 
5 ends of said supporting cylinder, thereby adjusting the degree of skew of 
said rollers which, although they are displaced relative to the longitudinal 
axis of said supporting cylinder, remain in planes parallel to said 
longitudinal axis. Said bearings of said rollers are themselves supported in 
part-spherical bushings which are, in turn, accommodated within 
10 complementary cups formed in said end flanges such that said rollers may 
continue to be rotationally supported in said end flanges when in their 
skewed positions. Said supporting cylinder is itself rotationally supported 
in one or more bearings which permit it to rotate about its longitudinal 
axis, driven by a suitable driving motor. In operation, the degree of skew 
15 of said rollers is adjusted to bring narrow, centrally-located contact zones 
of the rollers to bear against the outer surface of the pipe or tubing with a 
desired force. As said pipe or tubing passes at a steady speed through said 
cylindrical array of rollers, said supporting cylinder is rotated by its driving 
motor, causing said contact zones of said rollers to describe continuous, 
20 parallel, overlapping, helical paths along the. external surface of said pipe 
or tubing, locally applying a compressive force to said pipe or tubing in 
excess of the yield stress of its material and thereby causing said pipe or 
tubing to adopt a set at a smaller diameter. The passage of said contact 
zones of said rollers over the outer surface of said pipe or tubing causes 
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the surface to be attractively burnished without marring, any out-of- 
roundness of said pipe or tubing is simultaneously corrected and, should 
said pipe or tubing require straightening, its restraint in correct alignment 
as it passes through said rollers will effect this. 
5 ' The various aspects of the present invention will be more readily 

understood by reference to the following description of preferred 
embodiments given in relation to the accompanying drawings in which: 

Figures la, lb and lc are partial cross-sectional views of 
said supporting cylinder showing various positions of one of said 
1 0 cylindrical array of said rollers; 

Figure 2 is a partial cross-sectional view of said supporting 
cylinder and said pipe or tubing to be treated showing the 
arrangement of some of said cylindrical array of said rollers in 
relation to said pipe or tubing to be treated; 
15 Figure 3 is a longitudinal cross-sectional view of said 

supporting cylinder, its supporting bearing and said pipe or tubing 
to be treated, said rollers having been deleted for clarity of 
presentation; 

Figure 4 is an end view of the components depicted in 

20 Figure 3; 

Figure 5 is a longitudinal cross-sectional view of 

supporting means at one end of one of said rollers; 

Figure 6 is a side view of the complete apparatus with said 

pipe or tubing to be treated passing through it; 
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Figure 7 is a longitudinal cross-sectional view of an 
alternative means of supporting said rollers; 

Figure 8 is an end view of said supporting cylinder 
showing calibration detail; 
5 Figure 9 is a partial side view of die central part of one said 

roller showing alternative shaping detail; 

Figure 10 is a partial side view of the central part of one 
said roller showing another alternative shaping detail; 

Figure 1 1 is a side view of a typical set of said rollers in 
L0 cylindrical array with all supporting means deleted for clarity of 

presentation; 

Figure 12 is an end view of the set of said rollers depicted 
in Figure 11. 

With reference to Figure la, roller 3 is rotationaUy supported 
1 5 within supporting cylinder 1 with its axis positioned on pitch circle 2 and 
parallel to the axis of said supporting cylinder. With reference to Figure 
lb, the same roller is shown with its ends skewed 15° either side of the 
previous position. It can be seen that the distance 4 from the centre 5 of 
said supporting cylinder to contact zone 6 of said roller has been reduced. 
20 With reference to Figure lc, said roller is shown with its ends skewed a 
further 1 5° and distance 4 can be seen to have been further shortened. It 
may be appreciated from the figures that skewing of said rollers may be 
employed to bring their central contact zones into forceful contact with the 
outer surface of said pipe or tubing to be treated. Obviously, said rollers 
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may be made solid throughout their lengths or made with solid ends and 
partially hollow in their middle parts. 

With reference to Figures 2, 1 1 and 12, partial and complete sets of 
rollers 3 in cylindrical array are depicted, said rollers being rotationally 
5 supported within supporting cylinder 1 with their axes ends positioned on 
pitch circles 2 of equal diameter. Skewing of said rollers has brought 
contact zones 6 into contact with the external surfece of pipe or tubing to 
be treated 7. In the preferred embodiment, said rollers are made with a 
minimum practical diameter commensurate with a particular application in 
1 0 order to provide the maximum number of rollers in each said cylindrical 
array. This normally results in said rollers having a diameter 
approximately 20% of that of the pipe or tubing to be treated, for example, 
1 8 rollers with a diameter of 28 millimetres are used in an arrangement to 
treat pipe or tubing with a diameter of 150 millimetres. 
15 With reference to Figure 3, pipe or tube to be treated 7 is depicted 

passing through apertures 8 in end flanges 9, 19 of supporting cylinder 1 in 
the direction shown by arrow 23. A typical position of the axis of one of a 
said cylindrical array of rollers is depicted by broken line 18, supporting 
provisions for this roller in end flanges 9, 19 having been cut away in the 
2 0 figure. End flangel9 is fixed in one end of said supporting cylinder and 
end flange 9 is captured in the other end of said supporting cylinder 
between shoulders 20, 21 while remaining free to be displaced in a 
rotational sense to effect skewing of said rollers. Supporting provisions 
(not shown) for the ends of said rollers are accommodated in apertures 10 
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provided in said supporting cylinder end flanges. Bearing 15 is positioned 
on or close to a plane passing through the contact zones of said rollers. 
Mounting flange 12 is provided on the mid exterior surface of said 

'means is 



5 radial web 13, the periphery of which is formed into an inner part of a 
housing for bearing 15. Cylindrical pulley 14 is formed on one side of 
said radial flange positioned towards its periphery. Radial mounting 
flange 22 is provided with holes 17 for mounting attachments (not shown) 
and its inner periphery is formed into a cylindrical extension 1 6 which 
10 incorporates an outer part of a housing for bearing 15. Mounting flange 22 
is fixed with suitable fastenings to a Supporting structure (not shown) and 
supporting cylinder 1 is driven in a rotational sense by drive forces applied 
to pulley 14 through a suitable belt (not shown). In alternative 
embodiments, said pulley is replaced with a sprocket or gear (not shown) 
15 and said supporting cylinder is driven in a rotational sense by drive forces 
applied through one or more suitable chains or gears. As pipe or tubing to 
be treated 7 passes through the interior of said supporting cylinder and 
through said rotating cylindrical array of rollers (not shown), said contact 
zones of said rollers pass over the external surface of said pipe or tubing 
2 0 following continuous, parallel, overlapping, helical paths a typical one of 
which is indicated by arrow 24. It ca be readily demonstrated that the 
power required to drive said rollers against said pipe or tubing is quite low 
and, even when said pipe or tubing is being heavily worked, is normally 
considerably less than the power required by conventional methods. • 
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With reference to Figure 4, end flange 9 is restrained in a rotational 
sense by adjustable-length struts 33, the inner ends of which are pivotally 
attached to short shafts 34 formed on end flange 9 and the outer ends of 
which are pivotally attached to short shafts 35 formed on the ends of posts 
5 "32 fixed to the end exterior surfaces of said supporting cylinder. Skewing 
of said rollers is effected by lengthening or shortening said struts, thereby 
displacing end flange 9 in a rotational sense relative to said supporting 
cylinder. 

With reference to Figure 5, the ends of rollers 3 are provided with 
10 tapered section 27, the end of which is formed into shaft 28. Shaft 28 is 
rotationally accommodated in needle bearing 29 which is, in turn, 
acconimodated within part-spherical bushing 26. Part-spherical bushing 
26 is accommodated within spiit cup 25 which is, in turn, accommodated 
within aperture 10 provided in end flange 9. Bearing 29 is captured on. 
15 shaft 28 between shoulder 36 and retaining cap 30, said retaining cap 
being fixed to the end of said shaft by suitable fastening 3 1 . Suitable 
means (not shown) are provided for the lubrication of said roller support 
means. Said split cup is provided with external flange 37 by means of 
which said split cup is retained in place in aperture 10 by suitable 
20 attachment means (not shown). The openings on either side of said split 
cup are suitably relieved to provide the requisite freedom of movement of 
roller 3. Shaft 28 and needle bearing 29 are made sufficiently long to 
accommodate the axial displacement of roller 3 caused by an increase or 
decrease in its degree of skewing. In an alternative embodiment (not 
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shown), shaft 28 and needle bearing 29 are positively captured in part- 
spherical bushing 26 and the axial displacement of roller 3 caused by an 
increase or decrease in its degree of skewing is accommodated by axial 
displacement of end flange 9 within the end of supporting cylinder 1, said 
5 end flange being restrained against rotational displacement relative to said 
supporting cylinder by suitable splines, lugs or the like (not shown) on one 
engaging complementary provisions on the other. 

With reference to Figure 6, the assembly depicted in Figures 3 and 
4 are mounted in moving frame 38. Said moving frame is slidingly 
10 supported by brackets 43, 44 bearing upon linear bearings 41, 42 travelling 
on rails 39, 40 fixed to upper surfaces of fixed frame 45. Pipe or tubing to 
be treated 7 is depicted passing through supporting cylinder 1 and its 
extension is supported on suitable supports (not shown). Pivot shaft 46 is 
fixed to a lower structural member of said moving frame towards one of 
15 its sides and valve 48 is fixed to a lower structural member of said fixed 
frame towards the second side of said moving frame. Link 49 connects 
the operating lever of said valve to said pivot shaft such that, as said 
moving frame is displaced along rails 39, said valve is progressively 
opened, said valve being fully closed at the left-hand limit of travel (as 
20 depicted) of said moving frame. A supply of compressed air at a suitable 
pressure is connected to said valve through air line 47 and air is supplied 
from said valve through flexible air line 50 to air motor 51. Said air motor 
drives pulley 52 through reduction gearbox 54, said pulley being 
connected to pulley 14 by belt 53 to drive supporting cylinder 1 in a 
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rotational sense. Suitable gusseting is provided, as required, to stiffen said 
moving and fixed frames. In operation, as said pipe or tubing passes into 
said apparatus from a tube forming mill, frictional forces applied through 
the contact zones of said rollers act to displace said moving frame along 
5 rails 39, 40, thereby partially opening valve 48 and actuating air motor 51 
to drive supporting cylinder 1 in a rotational sense. Progressive 
displacement of said moving frame occurs until said air motor has reached 
a speed of operation matched to the speed of advance of said pipe or 

tubing. Further displacement of said moving frame then ceases. If the 
10 speed of advance of said pipe or tubing is reduced for some reason, the 
" forces generated by said rollers upon said pipe or tubing act to displace 
said moving frame back towards its rest position, thereby closing valve 48 
somewhat and reducing the speed of operation of air motor 51 and thereby 
the speed of rotation of supporting cylinder 1. 
! 5 With reference to Figure 7, in an alternative embodiment, rollers 3 

are nationally supported in needle bearings 56 accommodated in bores 
73 provided in shoulders 58 formed on the ends of mounting yokes 59. 
Each said mounting yoke is supported on shaft 64 pivotally supported in 
bearing 63 provided in the wall of supporting cylinder 1 and is retained in 
20 place by belville washers 65, washer 66 and circlip 67 P r other suitable 
fastening. The rollers in said cylindrical array are simultaneously skewed 
by force applied through skewing rings 60 which are pivotally connected 
to pivots 61 provided on the ends of said yoke and retained in place by 
circlips 62. Thrust washers 57 are provided between the ends of rollers 3 
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and the inner surfaces of shoulders 58. Said supporting cylinder is 
increased in diameter as required to accommodate the arrangement 
described, the arrangement described is obviously suited for treatingonly 

diameter of pipe or tubing and, in an alternative embodiment (not 
ihown) used to treat differing diameters, the outer parts of shafts 64 are 
suitably threaded to engage ball nuts which are actuated by one or more 
suitable stepper motors to simultaneously displace all said rollers radially 
inwards or outwards. The use of ball screw and nut arrangements in such 
applications is well known and obvious. 

With reference to Figure 8, index mark 68 is provided on the face 
of end flange 9 and cahbration marks 69 are provided on the end of 
supporting cylinder, said marks facilitating the adjustment of skew of said 
rollers. Obviously, the arrangement described is optionally able tobe 
reversed. 

With reference to Figure 9, in an alternative embodiment, shaft 3 is 
provided with a centrally-located, narrow, convex part 70 to permit a more 
localised force to be provided by said roller to said pipe or tubing to be 
treated. 

With reference to Figure 10, in an alternative embodiment, shaft 3 
20 is provided with a centrally-located, concave part 72 to permit a more 
dispersed force to be provided by said roller to said pipe or tubing to be 
treated. 

With further reference to Figure 6, said fixed flame is fixed to 
floor 74wimsmtablefastenings. Where required, said fixing provisions 
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incorporate jacking means (not shown) to precisely align the apparatus 
with the axis of pipe or tubing 7 emerging from a tube forming mill (not 
shown). Said jacking means may be operated to create a straightening 
effect of said pipe or tubing. In a first embodiment, said jacking means are 
5 manually operated. In an alternative embodiment, sensors (not shown) are 
employed to detect the straightness or not of said pipe or tubing and, as 
required, one or more stepper motors (not shown) are employed to operate 
said jacking means to correct any deviation from straightness. A 
programmable logic controller or other microprocessor-based device is 
10 employedtoproc^sdatefromsaidsensorsandcontroltheopemtion,as 
required, of said stepper motors. In another alternative embodiment (not 
shown), said fixed frame is permanently fixed to floor 74 and mounting 
flange 22 is supported on linear bearings slideably travelling on rails fixed 
to the vertical members of said moving frame, said linear bearings being 
1 5 displaced by ball screw and nut arrangements driven by one or more 

stepper motors. Said stepper motors are employed to drive said bail screw 
and nut arrangements to correct any deviation of said pipe or tubing from 
straightness. A programmable logic controller or other microprocessor- 
based device is employed to process data from said sensors and control the 
2 0 operation, as required, of said stepper motors. 

With reference to Figures 3 and 6, in an alternative embodiment 
(not shown), air motor 5 1 is mounted directly to cylindrical extension 16 
and drives supporting cylinder 1 in a rotational sense through one or more 
belts, chains or gears engaging pulleys, sprockets or gears formed on 
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Wtovedicalmerobersofsaidfixedftame. In o<her alternative 
en.bodnnenMnotsho™.), said airmotor is replaced b, another fern, of 
5 anve^WintoformofanhydrnuUcmotor.n^ppermo.ororotter 

form of speed-controllable electric mow. Into arrangement, the speed 
ofadv^ceofsaidpipeormbmgisdeKc^dbyoneormoreencodem 
^ched.ofonningmUeraonaaidmbeibmtmgnri.loronaiockeyvAeel 
wmch™velson»aidpipeormbing.Apmg»mmablelogiocomroll«or 
10 omermiceopmcessor-b^deviceiaemploy^topmoeasdauimmsam 
^^conno.teopemtion.esre^ofsdddrivemomrdriving 

said supporting cylinder in a rotational sense. 

toandtemauveembodtaemC,^ 
inmmti-^efomrvrimtwoormomofsaidnm.sop^mtendem 

15 ^bmaroneofeachoralluni^employedmreduce^diamewof 
saidpipeortub^correcti^.f-mundneeaorsnaigh^nitSaiduniU 
areoprionallyopem^vrimacmnmondirecrionofro^onor^rm 
— ^«-*.*.*.<W-*--- Uvrfllbeappreciafcdftom 
ferther inspecnonof Figums la. lb, 1c and2 M «es of arid 
20 cy.inaricalannysofmUer.ofconaecnrivenni^.mgarfleaaofd.eir 

adj usmren<s.™"alw^becollinear. At me aame rime, the speed of 
advanceofsaidpipeormbingthmughconsecurivemri^becc^c. 

^leasofsaidslte^gadiua.memofaaidroUera. TlrisisaresuUof 
ftelactmauaanredepeeofs^ofsaidmuem is increased, vMch 
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would tend to increase the axial component of the vector triangle 
representing speed of advance of said pipe or tubing, the rotational 
component is automatically decreased in compensation. As a result, the 
said apparatus is very well suited for operation in multi-stage form. It 
5 should be noted also that the axial forces imparted to said pipe or tubing 
by operation of the said apparatus are high and no other means of 
propulsion or urging in an axial sense are required to be applied to said 
pipe t>r tubing during its passage through said apparatus. In multi-stage 
arrangements of said apparatus, the axial forces applied by it to said pipe 
1 o or tubing are optionally employed to draw material through a tube forming 
mill positioned upstream of said apparatus and significantly reduce the 
power required to drive said tube forming mill. Obviously, said apparatus 
may optionally be employed to work upon continuous lengths of pipe or 
tubing delivered directly from a tube forming mill or upon discrete lengths 
15 of pipe or tubing loaded sequentially into said apparatus. 

With further reference to Figure 4, in an alternative embodiment 
(not shown), one or more stepper motors mounted on me external surface 

of supporting cylinder 1 are employed to adjust the lengths of suitable ball 
screw and nut arrangements (not shown) used in place of adjustable-length 
20 struts33. Sensors are provided to detect the precise corrected diameter of 
said pipe or tubing and a programmable logic controller or other 
microprocessor-based device is employed to process data from said 
sensors and control the operation, as required, of said stepper motors. 
Power and control signals are supplied to said stepper motors through slip- 
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ring provisions and control signals are optionally transmitted through 

wireless connections. 

Sensing means in the form of opposed pairs of rollers attached to 
the inner ends of radially- arranged linear transducers are employed to 
5 measure the finished diameter of said pipe or tubing emerging from said 
apparatus, said rollers being urged into contact with said pipe or tubing 
by suitable springs. In a second embodiment, sensing means in the form 
of a laser micrometer are employed to measure the finished diameter of 
said pipe or tubing emerging from said apparatus. In a third 
10 embodiment, sensing means in the form of opposed pairs of proximity 
sensors, each said sensor measuring the gap between its reference 
surface and the external surface of said pipe or tubing are employed to 
measure the finished diameter of said pipe or tubing emerging from said 
apparatus. 

! 5 With further reference to Figure 3, it will be readily appreciated 

that supporting cylinder 1 with its said roller array may be made to be 
readily detachable from radial web 13 through the use of quick-release 
attachments (not shown) and a replacement said supporting cylinder with 
its said roller array installed in its place to accommodate said pipe or 
2 0 tubing of a different diameter. 

The rolling process performed by said apparatus provides accurate 
control of the external diameter of pipe or tubing; it requires no lubrication 
of said external surface of said pipe or tubing; it requires only low power 
for its operation; it leaves said external surface of said pipe or tubing 
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burnished and easily polished; it is not limited by the diameter, length or 
wall thickness of said pipe or tubing; it may be operated with a greater 
lineal speed of said pipe or tubing than the output speed of a tube forming 
mill and the two may thus be operated in conjunction; it may be performed 
5 by multiple said rolling units operated in tandem; it exerts a rounding and 
straightening effect upon said pipe or tubing; it may be operated under 
automatic control; it may be employed with continuous lengths of said 
pipe or tubing or with discrete lengths; and it provides a greater reduction 
in external diameter of said pipe or tubing per pass than conventional 
10 rolling processes. 
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CLAIMS 



1. Apparatus for reducing the diameter, rounding or straightening 

of pipe or tubing by rolling comprising: 

(a) a plurality of closely and equally-spaced, long, narrow, parallel- 
. cylindric al rollers in a parallel-cylindrical array, said rollers 

rotationaUy supported in bearing means provided in end flanges of 
a supporting cylinder, the ends of said rollers being positioned on 
pitch circles of equal diameter, said bearings being supported in 
part-spherical bushings permitting angular displacement of the 
ends of said rollers relative to said end flanges, and one or both of 
said end flanges being rotationally displaceable one to the other in 
said supporting cylinder, and; 

U aperto.es in said end fknges penning said pipe or tobing to 
advance continuously ftrough said roller* on a paflr co«ial v* 
15 tfreaxisoftheirsaidcylindricalarray.and; 

«,) means to adjust the relative positions one to the outer of said 
end flanges on srid supporting cylinder to skewing* displace said 
ro „ers and mereby to disptace their said cential contoc. zones 
radia ny inwards into faceful contact witn <he extemtu surface of 
20 said pipe or tubing, and; 

(d) bearing means to nationally support said supporting cylinder, 

and; 

W drive means to drive add supporting cylinder in a rotational 
^ th«eby enuring said cential contact zones of said rollers to 
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pass over and work upon the external surface of said continuously 
advancing pipe or tubing , and; 

(f) sensingmeanstodderttheUnearspeedofsaidadvandngpioe 
or tubing, the straightness of said pipe or tubing, the speed of 

5 rotation of said supporting cylinder and the finished diameter of 

said pipe or tubing, and; 

(g) control means to control the speed of rotation of said rollers in 
relation to the speed of advance of said pipe or tubing, the height 
of said support means and said skewing adjustment of said rollers, 

10 and; 

(h) support means to support said supporting cylinder, said end 
flanges, said rollers, said adjustment means, said bearing means, 
and said drive means such that said axis of said cylindrical array of 
said rollers is maintained collinear with said axis of said advancing 

25 pipe or tubing. 

2. Apparatus according to Claim 1 in which said rollers are made 
of a strong, hard material and are made fully solid or are made solid at 
their ends and hollow throughout their central parts; 

3. Apparatus according to Claim 1 in which two or more of said 
20 cylindrical arrays of said rollers are arranged and operated in tandem to 

treat a said length of advancing pipe or tubing; 

4. Apparatus according to Claim 3 in which alternate said 
cylindrical arrays of said rollers are rotated in opposite senses; 

5. Apparatus according to Claim 1 in which said drive means to 
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10 



drive said supporting cylinder in a rotational sense take the form of an air 
motoroMvingthroughabeltchainorgears; 

6. Apparatus according to Claim 1 in which said drive means to 
drive said supporting cylinder in a rotational sense take the form of an 
hydraulic motor driving through a belt chain or gears; 

7. Apparatus according to Claim 1 in which said drive means to 
drive said supporting cylinder in a rotational sense take the form of a 
stepper motor or other form of speed controllable electric motor driving 

through a belt, chain or gears; 

8. App«a«us according » CUim 1 m v»Uch said co^ con«t 
M of said roitas work upon to surface of said contact, 

advancing pipe or tubing to a sales of continuous, paraM, overtopping, 

helical contact paths; 

9. AppamtusaccommgtoC^^ 
15 treat said pipe or tubing is significantly less man that required for 

conventional tube rolling processes; 

10. Appaxatus according to Claim 1 in which the relative positions 
of said end flanges one to another are adjusted by means of one or more 
adiustable-lengthstruts, the two ends of each of which are pivotally fixed 
20 respectively to said end flange and to said supporting cylinder; 

U. AppamtusaceordmgtoClaimlOmwMchmelengm 
stn* is manually adjusted by screwing a threaded male part mto a threaded 
female part and loclringthe adjusted length with a locknut; 

12. Apparatus according to Claim 10 in which the length of a said 
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strut is adjusted through the use of a ball screw and nut arrangement 
actuated by a stepper motor, 

13. Apparatus according to Claim 1 in which power and control 
signals are transmitted to devices supported on the moving parts of said 

5 apparatus through slip-ring means; 

14. Apparatus according to Claim 1 in which control signals are 
transmitted to devices supported on the moving parts of said apparatus 
through wireless means; 

15. Apparatus according to Claim 1 in which said support means 
10 comprise a moving frame slideably supported in linear bearings travelling 

on rails fixed to a fixed frame, said moving fiame being displaced in a 
linear sense by the combined forces generated by the action of said rollers 
and by the linear motion of said pipe or tubing, sensing means being 
provided between the two said.frames to detect linear displacement of said 
1 5 moving frame and thereby to regulate the speed of operation of said drive 
means; 

16 Apparatus according to Claim 5 in which the speed of 
operation of said air motor is controlled by control means in the form of a 
pneumatic valve actuated by displacement of said moving frame in 

2 0 relation to said fixed frame; 

17. Apparatus according to Claim 1 in which said support means 
are adjusted in height to maintain said axis of said cylindrical array of said 
rollers collinear with the axis of said advancing pipe or tubing; 

18. Apparatus according to Claim 17 in which said support means 
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are raised or lowered by means of manually-operated screw jacks; 

19. Apparatus according to Claim 17 in which said support means 
are raised or lowered by means of jacks incorporatinfi ball screw and nut 
arrangements and operated by stepper motors; 
5 20. AppamtusaccordmgtoC^ 

are used to detect the straightness of said advancing pipe or tubing and 
said controlmeans are used to control the operationof said stepper motors 
to adjust the height of said support means; 

21. Apparatus according to Claim 1 in which said support means 
10 take the form of only a fixed frame and said supporting cylinder, said end 
flanges, said rollers, said adjustment means, said bearing means, and said 
drive means are moveably supported on linear bearings travelling on 
vertically arranged rails permitting said axis of said cylindrical array of 
said rollers to be maintained collinear with said axis of said advancing 

15 pipe or tubing; 

22. Appa^KcordtogtoClaim^mwMchtopositoofsaid 

Unear bearings on said vertical mils is by ball screw and mt 

^amenta driven by steppermotom conlrolledby said control means; 

23. Apparatus according to Claim 1 in which said sensing means 
20 include one or more encode, driven by forming rollers on aald mbe 

fcmi ngmill or b, a jockey wheel which ttaveb on said pipe or tubing; 

24. Apparatus according to Claim 1 in which smd sensing means 
include messuremen, means . measure the finished diameter of said pipe 
or tubing emerging ftom said apparatus; 
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• 25 Apparatus according to Claim 24 in which said sensing means 
take the form of opposed pairs of rollers attached to the inner ends of 
radially-arranged linear transducers, said rollers being urged into contact 
with said pipe or tubing by springs; 
5 26. Apparatus according to Claim 24 in which said sensing means 

take the form of a laser micrometer; 

27. Apparatus according to Claim 24 in which said sensing means 
take the form of opposed pairs of proximity sensors, each said sensor 
measuring the gap between its reference face and the external surface of 

1 0 said pipe or tubing; 

28. Apparatus according to Claim 1 in which said rollers in a said 
array are all made with equal external diameters approximately 20 per cent 
of that of said pipe or tubing to be treated; 

29. Apparatus according to Claim 1 in which said rollers in a said 
15 array are made in sets with equal external diameters in the range 1 0 per 

cent to 40 per cent of that of said pipe or tubing to be treated; 

30. Apparatus according to Claim 1 in which said bearing means 
are situated as closely as possible to a plane passing through said contact 

zones of said rollers; 
20 31. Apparatus according to Claim 1 in which said bearing means 

are accommodated in a bearing housing of which an outer part is formed 
on the inner surface of a cylindrical extension formed on a radial mounting 
flange and an inner part is formed on the external surface of a radial web 
fixed to the external surface of said supporting cylinder; 
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32. ApparatusacxordingtoClaimSlinwhichapuUeyinthefonn 
of a cylindrical extension is formed around the outer circumference of said 
radial web; 

33. Apparatus according to Claim 32 in which said pulley is 
5 deleted and replaced by a sprocket adapted for driving said apparatus by 

means of a chain, or a gear adapted for driving said apparatus by means of 
gears; 

34. Apparatus according to Claim 1 in which said rollers are 
provided at each end with short shafts, said shafts being rotationally 
10 supported in bearing means provided in said end flanges of said 
supporting cylinder, the axial lengths of said short shafts and said bearing 
means being made sufficiently long to accommodate the axial 
displacement caused by skewing of said rollers; 

35. Apparatus according to Claim 1 in which said rollers are each 
15 rotationally supported in individual yokes, each said yoke being pivotally 
mounted on a shaft passing radially outwards through a bearing provided 
in said supporting cylinder, said yokes being skewably displaced by force 
applied through skewing rings pivotally attached to said yokes at their 
ends; 

20 36. Apparatus according to Claim 35 in which the outer parts of 

said shafts of said yokes are threaded to engage ball nuts, said ball nuts 
being driven by one or more stepper motors to radially displace said yokes 

inwardly or outwardly; 

37. Apparatus according to Claim 1 in which an index mark and 
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skewing adjustment of said rotleis; 

38 . Appamtus according to Claim 1 in which said toners at. 
5 provided wim a cemraUylocatrt nanow convex p«. to penni. to 

appUcationofamomlc^forcetesddp^ottahmg; 

39 . Apparatus according to Ctoim 1 in which aaid rollers am 
provided with a cennaUy-locutod concave par, to permit to applicadon of 
a more dispersed force to said pipe or tubing; 

10 40. Appamma according to Claim 1 in which said supporting 

^der with its said rolier a»y is fixed to aaid support means win, 
^ck-mlease^hn^^ismedUyde^h^fromsaidaupponm^ns 

„ replaced b, aootor said surfing oyfinder wim i<s»id rote anay 
adaptedfcrneattagpipetxtol^of.mfitootdinmeter, 

15 41. A mettrod of teducing to diametor, rounding or sneightening 

ofpipeortobing^.proc«asofm Ui n,eonvpnsingto<bU.v^s««ps ; 

(a) passing said pip. or tubing in crmfinuous advance at a constont 
U^r speed tough a plurality of elosoly and equally-sp^ed, 
toug. mnrow. psmUeUylinnricd tollers arranged in a parallel- 
cylindrical array w«h to a*l» of said pipe or tubing maintoined 
eolline* with to. of said cylindrical roller army, said rotes being 
tonally supported in supporting means and simuUaneously 
^.e «„ displace toir cen«l conto. zones morally rnwaris. 

and; 
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09 skewing* displacing raid roll** » bring their aid central 
ccdac. zones into connolled forcefifi cent** with to extend 
suifece of said pipe or tubing, and; 

(c) rotodng said cylindrical army of said rollers a. • con.ro.le4 
5 ^d, t h«byc.nsiogs»d«n«Icontoctzo 1 «sofsaidroll«sto 

over and mllingly »* W» *° — - 1 ° f 
continuously advancing pipe or tubing, and; 
(d) senaingft.ltasarspeedofsaidadvanotogpipeortubing.to 

^era of sad p.pe or toning, to speed of rotofion of said 
cylindrical array of said rollers and to finished diameter of said 
pipe or tubing, and; 

(e) connoUingsaidspeedofrorationofsaidronerainreWionto 
tespeed of advance of saidpilie or tubing, and; 
(., controlling to heigh, of raid supporting mean* to atorighton 
15 S aid pipe or tubing, and; 

ft comroffingtodegreeof skewing of raid roller, to reguhto to 

gnished diameter of aid pipe or tubing. 

42 AmemodaccomingtoCWmWinwhichstodp^ortobmg 

is ^ported internally by man** or to .ike during raid roUing 
20 process; 

43 A method according to Claim 41 in which to speed of 
^ of srid roll- U regulatod to accommodae combmariona of Unrar 
^ of advance of raid pip. or toning and degreea of skewing of raid 
rollers; 
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44. A method according to Claim 41 in which said rolling process 
is applied to continuous lengths of said pipe or tubing or to discrete 

lengths of pipe or tubing; 

45. A method according to Claim 41 in which said central contact 
5 zones of said rollers describe continuous, parallel, overlapping,- helical 

paths along the external surface of said pipe or. tubing and locally apply to 
the external surface of said pipe or tubing a compressive force in excess of 
the yield stress of its material, thereby causing said pipe or tubing to adopt 

a set at a smaller diameter; 
10 46. AmetoodaceordmgtoClaim41inwhichthepassageofsaid 

central contact zones of said rollers over the outer surface of said pipe or 

tubing corrects any out-of-roundness of said pipe or tubing and causes its 

said external surface to be burnished; 

47. A method according to Claim 41 in which said speed of 
15 rotation of said rollers, said height of said supporting means and said 

'degree of skewing of said rollers are sensed by sensing means; 

48. A method according to Claim 41 in which said speed of 
rotation of said rollers, speed of advance of said pipe or tubing, said height 
of said supporting means and said degree of skewing of said rollers are 

20 controlled manually; 

49. A method according to Claim 41 in which said speed of 
rotation of said rollers, said height of said supporting means and said 
degree of skewing of said rollers are automatically controlled by control 
means accepting inputs from said sensing means; 
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50. A method according to Claim 41 in which multiple units of 
said cylindrical arrays of said rollers are employed in tandem, said 
multiple units all rotating in the same sense or alternate said units rotating 

in the opposite sense. 
5 51. A method according to Claim 41 in which said rolling process 

is not limited by the diameter, wall thickness or length of said pipe or 
tubing; 

52. A method according to Claim 41 which produces in each pass 
a greater reduction in the diameter of said pipe or tubing than that 

1 0 achieved by conventional methods; 

53. A method according to Claim 41 in which the external surface 
of said pipe or tubing does not require lubrication during said rolling 
process; 

54. A method according to Claim 41 which can be incorporated 
15 into a tube forming mill to provide an immediate post-fabrication 

treatment of said pipe or tubing; 

55. A method according to Claim 41 in which said cylindrical 
array of said rollers is fixed to said supporting means with quick-release 
attachment means and is readily detached from said supporting means and 

20 replaced by another said cylindrical array of said rollers adapted for 
treating pipe or tubing of a different diameter, 

56. A method according to Claim 41 in which the power required 
to operate said rolling process is significantly less than that required in 
conventional rolling processes. 
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